identification of selective neuronal loss in specific areas and through the detection, by an immunoperoxidase reaction, of intracellular deposits of hyperphosphorylated tau protein and extracellular deposits of β-amyloid protein 4, 5, 6 . There is evidence that the pathologic processes of AD begin approximately 10 years before cognitive deficits emerge. AD is understood as a continuum, from early asymptomatic neurodegenerative stages until dementia. The deposition of tau protein is present from the beginning through the late stages of the disease and cannot be reversed 6, 7 . The tau aggregates accumulate in the neurons, as pretangles (pNFTs), neurites (NTs) and tangles (NFTs) 6, 8 . The process of intraneuronal disease progresses in a topographically systematic manner and can require a very long period, almost an entire life, to reach its full extent 6, 8 . According to Braak et al. 9 , the presence of tau deposits is classified in six stages, from I to VI, beginning with the transentorhinal region (stage I) and progressing until stage VI with severe pathology of the isocortex. Late phases of the disease cause recognizable symptoms and have been correlated with the clinical manifestations of AD 6, 10, 11 . However, studies of these phases have been laden with difficulties, due to the large number of altered nerve cells. In the early phases of the disease, the circumstances are clearer, and individuals without clinical symptoms can present pathologic changes associated with AD, such as the presence of abnormally phosphorylated tau protein in some nerve cells or even in a single neuron 12 .
β-amyloid deposits in senile or neuritic plaques are also hallmarks of the pathogenesis of AD 9 . According to Thal et al., there are five phases of β-amyloid deposits. In phase 1, the isocortex is involved; in phase 2, the hippocampus and the entorhinal cortex; in phase 3, the striatum and the diencephalic nucleus; in phase 4, various brainstem nuclei; and, finally, in phase 5, the cerebellum and the additional brainstem nuclei 13, 14 . Parkinson's disease (PD) is the second most common ND after AD, considered a multisystem disorder with variegated non-motor deficits and neurological symptoms, including impaired olfaction, sleep disorders, gastrointestinal and urinary abnormalities and cardiovascular dysfunction, in addition to other symptoms and signs such as pain, depression and mood disorders 15 . PD has a prevalence of 0.5 to 1% among individuals 65 to 69 years old, reaching 1 to 3% in individuals 80 years old and older
4
. Sporadic PD (90% of cases) is the most frequent Lewy body disease. It is progressive and clinically manifests after the pathological stages have advanced. The anatomopathological diagnosis, both in preclinical and clinical phases, is accomplished through the identification of selective neuronal loss in the substantia nigra pars compacta and many other neuronal systems besides the presence of Lewy bodies (LB) e Lewy neuritis (LN) 16 . Damage to specific subnuclei of the substantia nigra is frequently considered the most important hallmark of PD 16 . The Lewy pathology can be found in necropsies of individuals without clinical manifestations of the motor symptoms of PD (incidental Lewy pathology) 17, 18 . Currently, Braak's classification 16 is used for the pathologic staging of the disease, and it ranges from I to VI, beginning with the involvement of the medulla oblongata and the posterior pons in stage I through stage VI, with deposits in the neocortex 16 . The present study is the initial phase of a human brain bank study of neurodegenerative diseases conducted in our Institution and intend to describe the presence of pathological changes related to NDs in the brainstem (midbrain, pons and medulla oblongata) and olfactory bulb (OB) in a sample of patients from south of Brazil.
METHOD
This was a descriptive study, in which the samples were collected by convenience and with the informed consent of first-degree relatives. Fourteen brains were collected from individuals 50 years old or older who underwent death verification in the Forensics Department (FD) of Porto Alegre. Individuals who were the victims of violent deaths, whose relatives did not provide informed consent and who had acute neurological events as the cause of death were excluded.
The donors' clinical information was obtained after death through the next of kin, using a questionnaire to evaluate cognitive decline (IQCODE) 19 and a customized form to evaluate motor and sensory changes. For the IQCODE, the cutoff point for dementia was a score of 3.27 or greater, as suggested by Sanchez and colleagues
19
. After removal, the brains were fixed in a 10% formalin solution for four weeks and were weighed, sectioned, and macroscopically evaluated, in accordance with the international protocol ( Figure 1 ). After the macroscopic examination, in addition to the specific areas described in the paragraph below, the frontal, parietal, temporal and occipital cortices, hippocampus, amygdala, basal ganglia and cerebellum were sampled for histopathological evaluation, were stained with hematoxylin-eosin (HE) and were submitted to immuno-histochemical reactions (IHC). 
A B C
For this study, the following specific regions of interest were selected: the midbrain (substantia nigra at the level of the emergence of the oculomotor nerve), pons (section including segment of the locus ceruleus) and medulla oblongata (at the level of the dorsal motor nucleus of the vagus). Besides these regions, we also evaluate the olfactory bulb, which was submitted to full examination and paraffin embedded in craniocaudal orientation. These regions were also evaluated by routine HE staining and IHC.
The immuno-histochemical technique was performed in compliance with the routine protocols of the Laboratory of Pathology at UFCSPA. After deparaffination, the samples were immersed in 3% hydrogen peroxide and 10% methanol for 15 minutes to inhibit endogenous peroxidase activity. Then, they were boiled in citrate (10 mM, pH 6.0) and/or treated with 1% formic acid to recover the antigen. After washing with PBS, they were incubated with common horse serum for 1 hour and then with primary antibody at 4°C in a wet chamber overnight. The following primary antibodies were used: anti-Aβ (human monoclonal mouse antibody, DAKOCYTOMATION, clone 6F/3D, code M0872), 1:60 dilution, following 3 minutes of incubation in 1% formic acid; anti-phosphorylated tau (monoclonal mouse antibody, INNOGENETICS, clone AT-8, code 90206), 1:500 dilution, following 10 minutes of incubation in citrate; and anti-alpha-synuclein (mouse monoclonal antibody, NOVOCASTRA, clone KM51, code ASYN-L), 1:200 dilution, following 4 minutes of incubation in 1% formic acid and 20 minutes of incubation in citrate. After overnight incubation in primary antibodies, the slides were washed three times in PBS and were incubated in DAKO secondary polymer for 40 minutes, and horseradish peroxidase for 30 minutes and, finally, DAB. All of the slides were counterstained with hematoxylin for 10 seconds. All of the procedures were performed with negative and positive controls.
The slides were studied by light microscopy for histopathological diagnosis, aiming to identify possible changes in the morphological and anatomical structures. The presence of protein inclusions on IHC against specific antibodies was semi-quantitatively classified as follows: absent, 1+ (1 to 4 positive cells/10 HPF), 2+ (5 to 9 positive cells/10 HPF) and 3+ (more than 10 positive cells/10 HPF).
The data collected from each case were compared with the corresponding values on the IQCODE, with the evaluation form for motor changes and with clinical information.
The study was approved by the ethics committees at both of the involved institutions (CEP -UFCSPA; and CEP -DML Porto Alegre).
The data are presented in a descriptive manner, and to compare the mean ages between the demented and non-demented patients, Fisher's test was performed.
RESULTS

Sample description
The average age of the individuals in our sample was 72.07 years old (± 15.79). When the subjects were categorized in clinically demented (D) and non-demented (NoD) categories, based on the IQCODE, the average ages were 72.87 years old and 71.16 years old, respectively. No statistically significant difference was found between the groups regarding age. The demented individuals corresponded to 57% of the sample, and their average IQCODE score was 3.72. The non-demented individuals' average IQCODE score was 2.74, and there was a statistically significant difference between the two groups for this variable (p = 0.016, Fisher' s test), as expected. Regarding the questionnaire about motor changes, only one patient presented light tremor and rigidity. A detailed sample description is provided in Table 1 .
Macroscopic findings
Six of the 14 analyzed brains presented macroscopic changes, as detailed in Table 2 . We highlighted the presence of mild frontal atrophy with expansion of the frontal horn of the lateral ventricles as the most frequent finding ( found in 3 cases). Moreover, brain number 10 presented temporal atrophy with volumetric reduction of the hippocampus. Brain number 3 was from a patient with clinical diagnosis of 
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multiple system atrophy (MSA) and showed severe cerebellar atrophy, predominantly in the white matter, putamen, pons basis and cerebellar peduncle, as well as slight paleness of the substantia nigra (Figure 2 ).
Microscopic findings
Hematoxylin-eosin (HE)
In case 1, we found an old 0.3 cm infarction in the pons. In the case of the clinic diagnosis of MSA (case 3), microscopy confirmed the atrophic areas described in the macroscopic exam, in addition to neuronal loss and areas of demyelination, mainly in the pons and cerebellar white matter.
Another common finding, observed in 11 of 14 brains, was the presence of corpora amylacea, ranging from rare in some cases to numerous in others, predominantly localized in the subpial and periventricular regions. This observation did not appear to be related to the patient's age or to the presence of protein deposits associated with the ND, because they were present both in younger and older patients, as well as in patients with and without protein deposits.
In 11 of 14 cases, the OB was available, and no histological alterations were identified.
Immuno-histochemical findings
Histopathological diagnosis and classification of AD according to Braak and Braak 9
In addition to the protein evaluation in the four areas proposed in this study, we evaluated the same proteins in the areas previously described by Braak et al. 12 , including the hippocampus and the entorhinal, frontal, parietal, and occipital cortices, to establish anatomopathological diagnoses.
Of the 10 patients who presented tau protein deposits in some location of the brainstem, 8 also had tau in the cortical areas in association with β-amyloid protein deposits, characterizing Alzheimer-type pathology. Of these 8 patients, 3 met the criteria for stage V/VI of Braak's Classification for AD and were also considered demented patients according to the IQCODE evaluation; 3 were classified as stage III/IV and 2 as stage I/II. In the case in which the IQCODE score was less than 3.27 (case 7), the 
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individual was classified with Alzheimer-type pathology, stage V/VI, without clinical correlation. The other 3 cases presented only tau deposits in cortical neurons without beta-amyloid. In all of these cases, the IQCODE score was less than 3.27 (cases 1, 2 and 13).
Beta-amyloid protein (Tables 2 and 3)
Only 1 of the 14 brains (case 10) presented two beta-amyloid deposits in the brainstem, in the form of diffuse and senile plaque (Figure 3 ) localized in the mesencephalic-diencephalic transition of the midbrain. Considering that this case had also beta-amyloid deposits in isocortex, hippocampus, entorhinal, cortex and striatum, we could classify it as stage IV, according to Thal. et al. 13 classification.
Phosphorylated tau protein (Tables 2 and 3)
The data on the distribution and quantity of tau protein deposits are detailed in Table 2 . Ten of 14 brains presented several tau deposits in one of the four areas evaluated. In these cases, the most common forms of protein deposits were pretangles (pNFT) ( Figure 4A ) and dystrophic neurites (DN) ( Figure 4B ) and, less frequently, tangles (NFT) ( Figure 4C ) and granules ( Figure 4D ). Of the cases in which the OB was available for analysis (n = 11), three presented diffuse and strong positivity to tau antibody, under the form of dystrophic neuritis (DN), mainly in the external plexiform layer ( Figure 5 ).
Alpha-synuclein protein (Tables 2 and 3)
Deposits of α-synuclein were only found in one case, in the individual with a clinical diagnosis of probable MSA in a distribution compatible with the disease, thus confirming the diagnosis. In this case, α-synuclein deposits in the form of cytoplasmic glial inclusions (CGIs) ( Figure 6A ) and perineuronal nuclear inclusions (PNIs) ( Figure 6B ) were identified and mainly observed in the white matter of the cerebellum (Figure 6C ), in the pons, medulla oblongata, and midbrain. Many CGIs and PNIs were also identified in the putamen, and several were identified in the cortex.
DISCUSSION
We interviewed 30 relatives and 16 of them (53.3%) did not consent to the donation. The main reasons offered were disagreement with the necropsy procedure that the subject would undergo (25%; n = 4), philosophical or religious issues (12.5%; n = 2), objections from other relatives (12.5%; n = 2) and consideration for the deceased person's wishes expressed when alive (12.5%; n = 2). Most commonly, no reason for refusal was given (31.2%; n = 5) 20 . To assess mental status of the patients, we used IQCODE as a screening method and we believe that despite this questionnaire does not define the etiology of dementia, it has demonstrated utility as a good tracking instrument for cognitive changes and has been strongly correlated with anatomopathological findings on deceased people.
We categorized the patients into two groups: non-demented (NoD) and demented (D). We found that the same number of men and women were affected, which could be explained by the small sample size. Another noteworthy finding was that the majority of our sample (57%) was classified, according to the IQCODE, in the demented group. It is possible that families who suffer from the difficulties of this disease are more amenable to donation.
Although we found a significant number of individuals (n = 11) with a protein deposit in at least one brainstem segment or in the OB, when we compared demented to non-demented cases, our data did not show statistically significant differences regarding deposits. Researchers have attempted to find clinical signs of early ND and these changes could be the result of protein deposits in the brainstem and OB, because, according to more recent studies, these segments are affected long before the cortical areas 21 . No association was found between protein deposits in the brainstem and clinical changes as related by the next of kin through the IQCODE and the motor alteration questionnaire.
Some authors have demonstrated that the brainstem nuclei present NFTs before the transentorhinal region. According to Grinberg et al. 22 , in all of the cases in which the transentorhinal region presented NFTs, they were also found in the dorsal raphe nucleus (DRN). Moreover, 22% of the individuals who did not present NFTs in the cortical regions (Braak 0) exhibited NFTs in the DRN, suggesting that the brainstem was affected by AD before the supratentorial regions 22 . Our findings agreed, in general, with this idea. Of the 8 cases in which we found Alzheimer-type pathology, seven (87.5%) presented tau protein deposits in some brainstem segment or in the OB, and in 10% of the cases (1/10) in which we found tau deposits in the brainstem, this protein was not found in cortical areas, a finding that could be related to the early stages of AD.
It has been well documented that olfactory dysfunction (hyposmia or anosmia) is a very common characteristic of various NDs, occurring particularly in patients with AD and PD 23 . In many cases, an olfactory deficit is an early event in these diseases, and it can precede the typical clinical manifestations by many years. Deposits of α-synuclein, tau and β-amyloid proteins were present in many ND patients' OBs and olfactory epithelia 24 , and it has been suggested that the OB could be the first neuronal structure in which these deposits appear during NDs 23 . We found NFTs and NTs in the OBs of three of the 11 individuals (27,2%) whose OBs were available for analysis (cases 10, 12 and 14). Mundiñano et al. found NFTs in 42.9% of the OBs of patients with confirmed diagnoses of AD, exactly the same percentage that we found 23 . We found no cases of sporadic PD. Regarding α-synuclein deposits, only the case that had a clinical diagnosis of MSA presented this protein in all the segments of the brainstem, as well as in the OB. Alpha-synuclein is the main component of CGIs in the MSA 25 . Only one case was positive to beta-amyloid deposits in the brainstem, more specifically in the midbrain, and this individual had stage V/VI AD, according to Braak's classification. According to Thal et al. 13 , we could classify this case in phase 4, which include various brainstem nuclei.
This study revealed interesting findings regarding protein deposits in the brainstems and OBs of people with and without dementia, but due to the very small sample size, better interpretation of the results was precluded. For the first time, a research group reproduces these findings in a population from the south of Brazil. 
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